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Introduction 

Operating  a  field  effect  transistor  in  the  sub -threshold  regime  has  several  advantages: 

•  the  gJlD  ratio  is  maximized  =>  highest  bandwidth  for  a  given  current  drive 

•  low  drain  voltage  for  current  saturation  i.e.  Vjal  ~  3  kT/e 

•  input  noise  resistance,  RN~l/gm,  is  also  minimized  for  a  given  lD 
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However,  the  performance  of  conventional  sub-threshold  circuits 
based  on  weakly  inverted  MOSFETs  are  severely  limited  by: 

•  poor  transistor  matching  for  short  gate  lengths  =>  Lgmm  >  l^xm 

•  low  cut-off  frequencies,  fT 

•  lack  of  accurate  device  models  and  CAD  tools 

•  susceptible  to  radiation  damage  and  1/f  noise 

As  a  result,  sub-threshold  CMOS  has  not  advanced  since  its 
development  in  the  1970s  and  is  limited  to  low  frequency  applications 
such  as  digital  watches  and  pocket  calculators. 
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Measured,  result  for  Lc=2  fJm  is  ~  10X 
higher  than  an  equivalent  MOSFET 


Progress  towards  sub-micron  devices 

We  have  developed  an  electron  beam  lithography  process  for  0.1  pm  gate 
length  SJTs.  Results  from  these  devices  will  be  used  to  calibrate  the 
numerical  models  before  moving  to  sub- 100  nm  devices 
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Conclusions 

•  Simulations  indicate  that  sub- 100  nm  gate  length  SJTs  are  capable  of 
operating  at  frequencies  larger  than  that  required  by  the  ITRS  Roadmap 

•  Data  from  prototype  SJTs  with  gate  lengths  of  2  pm  agree  well  with  the 
numerical  simulations. 

•The  prototype  devices  demonstrate  good  radiation  tolerance 

•  An  electron  beam  lithography  process  has  been  developed  for  100  nm  SJTs 
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